Feedback is used to achieve multi-band unconditional stability for GaAs MESFET transistor. Analytical formulation based on evaluating the stability parameters as a function of the transistor model elements is provided, with two methods to accurately estimate the feedback values neededfor all-band unconditional stability. The technique is applied to common source and common gate configurations. Both were monolithicallyfabricated and tested, and very good agreement between the predicted and measured results is obtained.
INTRODUCTION
Transistor stability an important issue in amplifier design (Gonzalez [1] ). Generally, the transistor is designed to be stable for a given load impedance and at a given frequency band. However, there may be situations when stability is required over a wide band, especially if load characteristics could push the transistor into instability outside the operating band. A new simple, but effective approach that makes use of a series resistive-inductive feedback network to achieve unconditional stability over a large frequency range is presented. The analysis presented here allows for exact estimation of the feedback values needed to achieve the required stability, while at the same time maintaining the highest maximum available gain. This presents advantages over previous work (Perez and Ortega [2] , Niclas and Ortega [3] , and Niclas et al [4] ), where feedback networks were used to either neutralize or flatten the gain over specified frequency range, and were restricted to the frequency range below 18 GHz. In this work, a new application for the "resistiveinductive" feedback networks is used to achieve unconditional transistor stabilization over a very wide frequency band that extends from very low frequencies till frequencies above 40 GHz. Furthermore, the technique will be applied to both the common source and the rarely employed common gate. Analytical formulas will be provided, plus a detailed description of how the feedback network can be designed. 
Where Yu is the admittance between port ij, and Go is the characteristics conductance of the system.
Secondly, the transistor admittance Y-matrix was computed as a function of the transistor model ( Figure 1 -(a)). Following these steps the transistor different model elements were accurately computed using the Ymatrix determined from the measured S-parameters. This was achieved by equating the real and imaginary parts of the calculated Y-matrix to the measured Y-matrix. Next, the transistor Y-matrix is used in equations (1) and (2) (3) is satisfied. Based on that, different cases were studied, and they were all compared for their corresponding stability performance and their maximum achievable stable gain (Gmax). It was determined that a resistive inductive feedback network (Figure 1-(b) (4) in equation (1) and (2), yields two relations that relate of the feedback parameters to the frequency. Hence the problem reduces to finding the optimum values needed to achieve the all band unconditional stability. Two different methods were established to compute and estimate these optimum values.
In the first method, the expression for the stability factor K was analytically examined and approximate formulas for calculation of the feedback parameters were obtained. The second method, which provided a check on the accuracy of the first method, is explained here. The stability and maximum stable gain contours were plotted as a function of frequency and feedback resistance for a given feedback inductance (Fig. (2) ). This provides design curves that could be used for unconditional stability evaluations or for trade off between the stability and gain. Drawing a horizontal line passing by the minimum value of K=1 contour yields the maximum value of Rf needed for all band conditional stability. For common source transistor with feedback inductance Lf = 0.1 nH, Fig. (2) shows that maximum Rf of 592 Q is needed for all band unconditional stability, and the Gmax (5.6 dB) value that will be available at 30 GHz. Figure 3-(b) , shows the K, and B] stability parameters for the transistor before and after the stabilization was performed with the values for stabilization obtained from Figure 3-(b) , given by Lr0O.UnH and Rj-592 Q. The values of K and B1 with feedback are both satisfied and the transistor is unconditionally stable from zero to 40 GHz, and the trends of both curves shows that the transistor could be still unconditionally stable beyond 40 GHz.
The transistor employed is a Nortel Network (NT) double-connected gate MESFET transistor with six fingers and a total width of 300 pm. The NT MESFET had the following parameters: Vp = -1.2 V, Idss = 120 A/mm, ft=20 GHz and Fmin < 1 dB up to 5 GHz. Several stabilized transistors were monolithically fabricated, and measured. The stabilized transistors were later used in building CPW-based (coplanar waveguide) amplifiers operating at 30 GHz. The amplifiers design and modeling procedure together with the measured results will be presented separately. 
